Engineering education cannot expect to meet the demands of a global, diverse, and knowledge-based society without addressing the well-established issue of student retention. Change Chem is a curriculum reform model created to address this issue for freshman, in particular, traditionally underrepresented student groups. This paper reports on a pilot study of Change Chem, which uses collaborative problem-based learning with model-eliciting activities to transform the discussion section of general chemistry so as to better retain freshman who are engineering majors. The study involved a quasi-experimental design with a treatment (i.e. reformed curriculum) and comparison condition (i.e. business as usual) that was completed over a two-semester sequence. Across the two courses, 530 students consented to participation. Participant outcomes were compared at the course level (treatment group vs. comparison group). In addition, female students and students who were classified as underrepresented ethnic minorities were identified as a single group (i.e. target group) so that their outcomes could be compared across the courses (treatment vs. comparison). After the first course, all groups gained in their perception of learning, but students in the comparison condition had higher grades. Selfefficacy and professional persistence decreased for students using Change Chem. After the second course, Change Chem performed equal to or better than the comparison on all variables. In fact, the Change Chem group increased in three key variables: perception of learning, confidence in their math and science abilities and exposure to project-based learning. This may suggest a treatment effect that requires a longer duration. These results indicate that Change Chem supports learning and motivation for all students, important elements for long-term retention. Plans for additional re-design of the model and further study are discussed.
Introduction
The current number of engineering students is not adequate for meeting the needs of the projected workforce and research suggests that the profession is not attracting a diverse student population 1 . In the U.S., the dropout rate has been reported to be in the range of 40% 2 . Two attributes characterize engineering majors: (1) they are disproportionately male, and (2) those that graduate are more than likely to have declared engineering as their major when they matriculated to college (i.e. students are not likely to change their majors to engineering).
Undergraduate engineering in the U.S. is in need of reform that addresses the retention of a diverse population of students. Indicators suggest that lower-level engineering curriculum is overly prescriptive and not based upon the authentic practice of engineers 2 . During preengineering courses, students report prescriptive forms of inquiry and algorithmic methods of problem solving 3 . The authentic experiences of teamwork, open-ended problem solving and collecting original data only occur toward the end of their programs. For certain student populations, the experience has been characterized as chilly, suggesting a cold and harsh setting that requires protection for survival 4 . Thus, reform needs to equally attend to the makeup of the student body as well as the quality of their experience.
Change Chem is a curriculum model that is designed to address the issue of retention, in particular, the retention of underrepresented student groups. Change Chem emanates from a situated perspective on learning and involves the application of cognitive apprenticeship as the theoretical framework. It uses collaborative problem-based learning with model-eliciting activities to transform the discussion section of general chemistry to better retain students who are engineering majors. It is theorized that the rich context of everyday engineering will help students to see themselves, their interests and those of others in their learning activities. By better identifying with the practice of an engineer, persistence with difficult coursework is more likely and intentional. Building on a successful field trial 5 , this paper describes the results of an initial pilot study that evaluated the design of Change Chem against a comparison condition (i.e. business as usual).
Theoretical Framework
Situated learning is based upon the premise that knowledge cannot be separated from the context of its origin 6 . Thus learning is a process of apprenticeship, whereby social interaction supports problem solving, imitation and engagement in authentic activity 7 . Herein, learning opportunities are dependent upon context, use of available resources and emphasize social processes and participation over transmission and receipt of knowledge. For Change Chem, the work activities of a real-world engineer represent the sociocultural context and authenticity is defined by the degree to which activities represent this tradition. Learning is viewed as a transformation along a continuum from student to full professional member in the community of practicing engineers.
Change Chem targets the retention of students by focusing their work on authentic collaboration and learning in context, which is theorized to leverage interest in order to build personal identity with being an engineer 8 as well as the necessary efficacy for persisting with challenging coursework 9 . The use of collaboration, in lieu of competition or individualized learning is a documented strategy for supporting social interdependence and achievement 10 and has proven effective for supporting women in engineering 11 . Team-based collaborative learning has also been shown to support the retention of women in chemistry 12 .
A model-eliciting activity (MEA) is a proven form of learning task that involves collaborative, model-based learning in authentic STEM contexts 13 .
MEAs are "open-ended, realistic, client-driven problems that require the creation or adaptation of a mathematical model for a given situation"(p. 17). Created by applying six design principles, an MEA requires students to create, test and refine a model for a realistic situation, then present their findings as a deliverable to a potential client. For Change Chem, these models take the form of flow diagrams that describe a process or system. Zawojewski and colleagues 14 have developed a rich history and research program of using MEA's in undergraduate engineering courses as a means for supporting diverse students. Change Chem builds on this work by expanding the scope to include general chemistry courses, those that are prerequisite for an engineering major. In doing so, the content focus is maintained while refining the curriculum so as to better retain all students who are pursuing an engineering major.
The Design of Change Chem
Change Chem involves re-envisioning the discussion (i.e. recitation) component of the sequence of General Chemistry for Engineers to focus on three design projects per course (Table  1) . These 3-credit hour courses are offered as special sections for engineering majors that are taught in an engineering case-study context. 
Innovations in Energy Generation and Use
Change Chem is restricted to the discussion component of the course with the lecture serving as a complement. A team of graduate teaching assistants (TAs) from engineering and chemistry teach the discussion sections. The emphasis on the discussion is based upon the results of previous work demonstrating that the discussion and laboratory components of courses tend to be overly competitive and not collaborative 14 .
The projects involve collaborative, team-based problem solving with socially relevant problems, which require multiple perspectives and values the forms of practical knowledge that students can bring to a team 15 . The projects are constructed to be MEAs and sequenced to emphasize the context in which an engineer understands chemistry, to require the use of collaboration and to scaffold the process of design 16 .
The projects are conveyed in a three-phase format: Inquiry, Problem Solving and a Deliverable. During Inquiry, students are presented with the task as a memo from the hypothetical company CEO requiring them to produce a deliverable for a local client. Using this memo, the TAs guide students to: (1) construct lists of things they know and don't know, (2) brainstorm sources for information, (3) define parameters, (4) construct a flow diagram for the process, and (5) connect their approach to the ideas presented in the lecture. In the MEA format, the flow diagram is the model. During Problem Solving, a follow-up memo includes a more defined form of the task, including parameters and chemical equations. This focuses students on applying their flow diagram to a more structured form of chemistry problem solving. For the Deliverable, students construct an executive summary, a mainstay of engineering practice.
Study Design
A quasi-experimental, initial pilot study of Change Chem, involving a treatment (i.e. reformed curriculum) and comparison condition (i.e. business as usual) was completed over a two-semester sequence with the outcomes assessed across each course. Change Chem was assessed in relation to its design goal of supporting student learning, with a special emphasis on females and students from traditionally underrepresented ethnic minorities. As an evaluation of the second phase of design and development, the following research questions were addressed: What influence does Change Chem have on: 1) performance and perceptions of learning chemistry?, 2) self-efficacy and motivation for learning engineering?, and 3) use of metacognition during problem solving?
The analysis of data involved a quasi-experimental nonequivalent groups design. Students in General Chemistry for Engineers I & II were exposed to the new curriculum and are identified as the treatment group, while students in General Chemistry (offered for all other majors) served as the comparison group. The same instructor, a member of our design team, taught the lecture sections for both courses. In addition, female students and students who were classified as underrepresented ethnic minorities were classified a posteriori as the target group, a subgrouping of the whole. This method afforded an assessment of the performance of all students in the treatment group against a comparison group and secondarily, an assessment of students in the target population against similar students in the comparison group. Following a description of the research instruments, the results are presented accordingly, semester by semester, first comparing all students, and then comparing students in the target group across conditions.
Instrumentation
Student performance was assessed at posttest using the final course grade, which was a compilation of all the course requirements. Perception of learning was assessed pre/post with two different forms of a researcher-constructed version of the Student Assessment of Learning Gains (SALG) 17 . The two forms of this instrument were necessitated by the different content foci of each course. Students rated their understanding of chemistry content on a Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree). Example items included: 1) How to apply the principles of stoichiometry (first semester) and 2) How to determine the equilibrium constant for a given chemical reaction (second semester).
Self-efficacy
18 , defined as "beliefs in one's capabilities to organize and execute the courses of action required to produce given attainments" (p. 3), was assessed pre/post with the 8-item self-efficacy subscale from the Motivated Strategies for Learning Questionnaire (MSLQ) 19 . Students rated the degree to which each item were true for them on a scale from 1 (not at all true of me) to 7 (very true of me). Example items included: 1) I can master the skills being taught in this class and 2) I'm certain I can understand the most difficult material presented in the readings for this course.
Motivation for learning engineering was assessed using 11 of the 16 scales related to motivation, skills, and perceptions of the learning environment from the Academic Pathways for People Learning Engineering Survey (APPLES). APPLES is a research tool used by the Academic Pathways Study, a study of national scope that was designed to better understand the undergraduate engineering experience and the transition from school to work 20 .
Metacognition 21 -"the skills that enable learners to understand and monitor their cognitive processes" (p. 112) was assessed pre/post with the knowledge of cognition (11-items) and regulation of cognition (9-items) scales developed by Faber et al 22 that are specific to engineering problem solving. Students used the same 5-pt. Likert-type scale to rate their agreement with items such as: 1) I consider several ways to solve the problem before I answer and 2) I know how well I did after solving the problem.
Results
Across the two courses, 530 students consented to participation and served as our research sample. In addressing the research questions, comparisons of changes within-subjects from pre to posttest were assessed via paired t-test. Between groups comparisons involved an analysis of covariance (ANCOVA) with the pretest values for each measure as the covariate.
For the first semester course, the treatment group had initially higher levels of selfefficacy, confidence in their math and science abilities, prior exposure to project-based learning and metacognition-knowledge of cognition. This suggests some unique characteristics for this group of freshman engineering students. For the target group, this difference was only found for their confidence in their math and science abilities and metacognition-knowledge of cognition. Indicating that the group characteristics were not entirely homogeneous across the group. At the end of the course, the comparison group had statistically higher grades (84.8% vs. 81.0%), but this was not the case for the target group who performed equally as well as their peers (Table 2 ). All groups reported significant gains in their perception of learning (Table 3) . However, self-efficacy for the treatment and target groups decreased (F(2,148) = 11.018, p = .001, partial η 2 = .071; F(2,106) = 11.771, p = .048, partial η 2 = .037) (Table 4 ) and this pattern was the same for the variable of Professional Persistence-their intent to practice engineering for at least three years after graduation (F(2,60) = 6.548, p = .013, partial η 2 = .103; F(2,34) = 6.046, p = .02, partial η 2 = .163)( Table 5 ). For the second semester course, the treatment group had initially higher levels of selfefficacy, intrinsic motivation, confidence in their math and science abilities, professional persistence, metacognition-knowledge of cognition and metacognition-regulation of cognition. For the target group, this difference was only found for their confidence in their math and science abilities, intrinsic motivation and professional persistence. Due to the greater than 50% carry over of students, this may be due to a carry over effect from the first semester course. Comparison II 56 8.8 2.5 37 9.5 2.3 Intervention II 78 10.6 1.9 80 10.5 2.1 Comparison II Target 35 8.7 2.6 24 9.7 2.4 Intervention II Target 58 10.6 1.8 59 10.5 2.0 Note: * p<0.05 There were no differences in final course grade for any of the groups, they all performed equally well. All groups reported significant gains in their perception of learning. Unlike the first semester course, there were no decreases in any of the variables for any of the groups. In fact, quite the opposite, the variables either remained unchanged or increased (Tables 6-11). When controlling for pretest differences, the treatment group demonstrated significant increases in their perceptions of learning (F(2,158) = 3.971, p = .048, partial η 2 = .025)
, confidence in open-ended problem solving (F(2,66) = 4.022, p = .049, partial η 2 = .06) and exposure to project-based learning (F(2,155) = 6.724, p = .01, partial η 2 = .042). Notably, the comparison condition did not outperform the treatment group on any variable at posttest. For the target group, they demonstrated a greater perception of learning (F(2,118) = 6.043, p = .015, partial η 2 = .05), confidence in their math and science abilities (F(2,117) = 3.936, p = .05, partial η 2 = .033) and exposure to project-based learning (F(2,117) = 23.585, p = .000, partial η 2 = .171). All of these variables can be associated with the designed intent of the reformed curriculum and we view this positive change as encouraging. 
Discussion
These results indicate that Change Chem supports learning and motivation, important variables for long-term retention. This is especially significant for the target population, as these variables are critical for building identity, a critical construct for retention 8 . Though different and unique from the comparison group, the higher initial motivation of the engineering students is consistent with other reports of first year students 20 . While the decrease in self-efficacy and professional persistence in first semester course is somewhat discouraging, such a result is consistent with other research that has identified these variables as resilient to intervention 11, 23 . For example, Driscoll et al 11 reported that in comparison to their male peers, women had a more positive perception of an MEA-reformed laboratory, but lower feelings of efficacy, felt less valued as team members and had a greater preference for working in groups. The results for the second semester course were much more encouraging and may suggest a treatment effect that requires a longer duration. These results are currently being explored further. Targeting improved motivation over the first semester course is a priority in our next round of re-design and is one of the driving forces behind our adoption of a safe-to-fail philosophy. This implies a gradual progression of responsibility and accountability for students across all of the projects. With this increase, the scaffolds and supports are faded. This is intended to keep interest and engagement high while building the necessary knowledge and skills over time. The specifics of these revisions as well as the plan for an additional study will be provided during the presentation.
Conclusion
This study makes an important contribution to the teaching and learning of science by improving the quality of STEM education through the application of a unique approach to transform the curriculum of undergraduate chemistry to a more contextually relevant and engaging experience for engineering students. This will allow researchers as well as practitioners to better design and develop STEM learning environments that equally attend to the makeup of the student body as well as the quality of their experience.
